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Coulomb’s law describes the force which arises 
between two electric charges.  Coulomb confirmed 
by experiment that the nature of the electric force 
was similar to that between magnetic poles.  There 
are both attractive and repulsive forces, depending 
on the selection of poles, and in the space between 
the magnetic poles the intensity of that force 
depends on the inverse of the square of the distance 
between the magnetic poles.  This law also gives the 
force F which acts between magnetic poles, and it is 
called Coulomb’s law of magnetism. It is given by 
equation (1).  
F=k m1 m2/r2  (N). ………………………（1）
where k is a proportionality constant, m1 and m2 
are the intensities of the magnetic poles (wb), and r 
is the distance between the magnetic poles.
Equation (1) works well for infi nitely long magnets 
with small magnetic poles which can be taken as 
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points (see Fig.1 (a)).  Considering a magnetic pole 
as a point is not practical.  However, Coulomb's 
law is an appropriate approach when magnetism is 
understood.  
Two types exist in the mathematical expression 
in search of the force which is created between 
magnets of finite length.  Figures 1(b), 1(c) show 
finite length magnets A and B and the forces 
involved between the two magnets.  The Coulomb 
force consisting of four components is shown as F1 
through F4.  Equations (2), (3) are used to determine 
the force acting between magnets of finite length. 
The difference between equation (2) and equation 
(3) is a way of the defi nition of the distance.  In case 
of equation (2), all distances between four magnetic 
poles are considered.  However, the length from the 
center of each magnet is used in case of equation (3). 
The diff erence that r1 becomes zero (m) for equation 
(2), and that in equation (3), r0 does not become the 
zero exists.  
F0=F1+F2+F3+F4  (N) ……………………（2）
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The force which acts between two magnets is diff erent for the infi nite magnet set of poles.  In the 
case of the fi nite length magnet there are four forces (F1, F2, F3, F4), because there are four pole faces 
in the two magnet (A,B), i.e. (1) Force F1 which works in front of magnet A and in the front of magnet 
B, (2) Force F2=F3 which aff ects front (rear face) of magnet A and rear face ( the front ) of magnet B, 
(3) Force F4 which works in rear face of magnet A and in the rear face of magnet B.  The force which 
acts between the magnets is the sum of these forces (F0=F1+F2+F3+F4).  In this study, the relationship, 
for the same magnetic pole, between distance between magnets and force was examined in order 
to verify this sum of forces relationship.  We compared measured values to calculated values. The 
measured F0 characteristic tended to be similar to the F(∝ 1/r02 , r0 is the distance between magnetic 
centrals ) characteristic.  The diff erence between F and F0 is a way of the defi nition of the distance.
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Fig.2　A photograph of each sample.
Sample name Size (mm) B (mT)
M1 Φ 29.5×5 ～60 Ferrite
M2 Φ 10.0×10 ～320 Fe-Nd-B
M3 Φ 20.0×5 ～280 Fe-Nd-B
M4 Φ 30.0×15 ～500 Fe-Nd-B
Table I.　Sample list
                        F=k m1 m2 /r2 (N).
                  F0=F1+F2+F3+F4 (N)         
           (F1(r1)= k m1m2/r12 , F2(r2)= k m1m2/(d1+r1) 2 ,
          F3(r3)= k m1m2/(d2+r1) 2,F4(r4)= k m1m2/(d1+d2+r1) 2)
                        F=k m1 m2 /r02  (N)
Fig.1　The force acting between magnets. (a) The case 
of the infi nite magnet. (b),(c)  The case of the fi nite 
length magnet.
k m1m2/(d2+r1)2, F4(r4)=k m1m2/(d1+d2+r1)2 )
where k is a proportionality constant, m1 and m2 
are the intensities of the magnetic poles (wb), and 
rn is the distance between the magnetic poles  (see 
Fig.1 (b)).
F=k m1 m2/r02  (N) ………………………（3）   
where k is a proportionality constant, m1 and 
m2 are the intensities of the magnetic poles (wb), 
and r0 is the distance between magnetic centrals 
(seeFig.1(c)).
We have the interest for two for the existence of 
the equation in search of the force which is created 
between magnets of the finite length.   These 
equations are empirical formulas, and the way of the 
setting of the distance is diff erent.  Generally, these 
equations are well known.  However, there is no 
report compared to these equations and experimental 
results.   
In this study, an experimental verification of 
equation (2) and equation (3) were carried out on the 
magnetic force which arose between the fi nite length 
magnets.  The purpose of this research is to compare 
the characteristic curve predicted by equations (2) 
and equation (3) with measurement results.
２．Experiments
The sample magnets used in this study are listed 
in Table I (see Fig.2).  All the sample magnets are 
available commercially.  Figure 3 is a schematic of 
the apparatus we used for the experiments.  This 
equipment consists of components to hold the 
magnets and control the distance between them 
by changing the position of one of the magnets, etc. 
An automatic X-Y stage was used for fine control 
of the distance between magnets.  The change in 
distance was accomplished by the transfer stage. 
The distance the stage moved was measured using 
a slide type potentiometer.  The large contact of the 
potentiometer was fi xed to the base of the apparatus. 
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Fig.3　A schematic of the experimental equipment.
Fig.4　The relationship between force and distance 
between homopolar (N pole) magnets (sample M1 
and sample M1).
The slide contact was fixed in the X-Y stage. The 
resistance in the potentiometer changed depending 
on the position of the stage.  With current in the 
potentiometer a change in resistance, equivalent to 
displacement of the X-Y stage, was measured as a 
(change in) voltage.  This voltage determined the 
separation of the magnets.  The force F in Newton 
from the force meter was measured as the distance 
between the magnets was changed.  Recording of 
the distance and force was done by computer.  
A. Preliminary experiment 
The magnets were positioned using specially 
prepared parts.  The magnet must be clear of all 
positioning parts so that these parts do not interfere 
with the measurements.  It is especially important 
to maintain the center line and the faces parallel. 
The force acting between the magnets increases 
when their separation is reduced.  A preliminary 
experiment based on the conditions described above 
was carried out in order to determine the conditions 
for the experiment.  
As a result of the preliminary experiment, we 
discovered that there was a case where the sensor 
moved with the approach of the magnet.  This 
tendency was especially apparent when a magnet 
with high fl ux density was used.  An error appears 
in the distance between magnets, if the sensor 
moves, because the migration length of the X-Y 
stage is measured as a distance between magnets. 
To alleviate this situation a magnet with low flux 
density was used.  And, the repulsive force was 
measured because there was much less movement of 
the sensor when measuring the repulsive force than 
measuring the suction force.  
 ３．Results and Discussion
The measurements were carried out under 
all conditions described for the above-mentioned 
preliminary experiment.  Figure 4 shows the 
measurement results for sample M1 ( Φ 29.5×5mm, 
B～60mT).  As shown in Fig. 3, the force which 
arises between magnets tends to increase with a 
decrease in the distance between the magnets.  This 
was observed in all samples.  
Next, the measured value was compared with the 
calculated value.  Five diff erent magnetic forces (F0
～F4) are calculated using equation (2) (see Fig. 1(b)). 
The calculated values are very different from the 
measured ones.  The numerical value of each of the 
forces was converted to a relative value in order to 
compare the variation of force with distance.  The 
result is shown in Fig. 5.  The vertical scale of Fig. 5 
is logarithmic.  The attractive and repulsive forces all 
are shown as a positive display in order to compare 
the variation with distance.  By comparing the 
calculated value with the measured value, it is clear 
that the variation of the measured value is diff erent 
from the variation of F0 and F1, and that it is similar 
to F2 (F3).  This situation is well proven with another 





















Fig.5　The comparison of calculated value (F0～F4) and 















Fig.6　The comparison of force F4 and measured value.
comparison using a linear display (see Fig. 6).  This 
was observed in other samples.  
The property of the force measured with F2 (F3) 
of equation (2) is reversed.  Therefore, there is no 
meaning in the similarity of measured value and F2 
(F3) of equation (2).  However, this similarity becomes 
useful in the comparison with equation (3).  
By comparing the equation (3) with the equation (2), 
it is clear that the value of the distance in equation 
(3) is equal to F2 (F3) of the equation (2).  Therefore, 
the measured value may be compared with F2 (F3) 
of equation (2), when it is compared with equation 
(3).  From the result of Fig. 6, the tendency in 
the measured value will be shown in equation (3), 
because the tendency of the measured value was 
similar to F2 (F3) of equation (2).  
The definition of the distance (r0) in equation (3) 
is equal to the Coulomb’s law. The definition of 
the distance in the Coulomb’s law has be made 
to be not distance between meeting electric charge 
surfaces but distance between centrals of the electric 
charge.  The defi nition of the distance of equation (3) 
has be also made to be not distance between meeting 
pole faces but distance between magnetic centrals.  
The repulsive force becomes main component 
for the force which is created between the same 
magnetic poles.  Therefore, F2 (F3) of the equation 
(2) becomes the object outside, because it is the 
attractive force component.  
Based on these results, equation (3) seems to be 
suitable for the empirical formula which shows the 
result of Fig.1.   
４．Conclusion
 
Using a finite length magnet, the relationship 
between magnetic force that is created between 
magnets and distance between magnets was verifi ed. 
Comparing the measured value and calculated value 
by converting into the relative display, the variation 
of measured value did not agree with the calculated 
F1 (F0) variation, but it is similar to equation (3).   
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